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Vertebroplasty is a cost-effective procedure for the relief of pain in appropriately selected patients when performed by a skilled
practitioner. The currently accepted indications and contraindications for vertebroplasty are reviewed. The techniques routinely used by the
authors are presented, including a discussion of recognized complications. Recent controversy has highlighted weaknesses in the practice of
technology evaluation, and more robust studies will be required to address these issues across the board in the future more scientifically than
has been done in the past.Resume
La vertebroplastie est une procedure efficace avec un bon rapport cou^t-benefice quand elle est effectuee par un medecin experimente et
pour un groupe de patients selectionnes de fac¸on rigoureuse Les indications et contre-indications de cette procedure sont revues. La technique
usuelle utilisee par les auteurs et les complications reconnues sont presentees. Des controverses recentes ont mis en lumiere des faiblesses
dans l’evaluation des technologies et des etudes plus rigoureuses devront e^tre conduites dans le futur afin d’evaluer ces points de controverse.
 2012 Canadian Association of Radiologists. All rights reserved.
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designed to be a solution for a specific problem in a patient
with a hemangioma in the upper cervical spine [1]. Since
then, it has been found to be useful in the treatment of a
variety of disorders of the skeleton. Although the initial 2
patients reported had hemangiomas of the vertebra, not long
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rotic compression fractures were seen to be suitable
candidates for treatment. At the present time, hundreds of
thousands of these procedures have been performed world-
wide, with apparently good results [2e8].
Scope of the Problem and Review of Indications for
Vertebroplasty
Osteoporosis is an extremely common problem in our
society, particularly in the older population. It is estimated
that, in Canada, osteoporosis affects approximately 1 in 4
women and more than 1 in 8 men over the age of 50 years
[9,10]. The lay press discusses osteoporosis frequently, and
the public is largely aware of the potential seriousness of thisll rights reserved.
Figure 1. Sagittal computed tomography reformatted images, demonstrating
a vertebra plana before treatment (A) and after treatment with vertebroplasty
(B).
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patients will undergo vertebral compression fractures, typi-
cally in the lower thoracic and lumbar spine. In a study
published in 1990s, it was estimated that, in the United States
alone, there were as many as 700,000 compression fractures
annually, which may have been an underestimate [11].
Fortunately, approximately three-fourths of these patients
can be successfully managed with conservative therapy,
including bed rest, analgesics, and a variety of anti-
osteoporotic agents [12]. Most of these patients will show
significant improvement within a few weeks, but a significant
subset of patients will have persistent pain and also go on to
further compression fractures. It is in these patients in
particular that vertebroplasty plays an important role because
injection of percutaneous methylmethacrylate under imaging
guidance can produce dramatic and long-lasting pain relief
[13,14]. It is important that patients who undergo verte-
broplasty also have the cause of the compression fracture
carefully examined so that other etiologies, such as multiple
myeloma or metastatic disease, are not missed. Patients
being treated with vertebroplasty should also receive treat-
ment for their underlying osteoporosis.
Another important group of patients who are excellent
candidates for vertebroplasty are those with a malignant
disease, be it those with metastases to bone or multiple
myeloma [15e17]. These patients can often be treated
successfully and achieve pain relief with either chemotherapy
and/or radiation but are seldom good candidates for surgical
intervention, except in carefully selected cases. Vertebroplasty
has a distinct advantage over chemotherapy and radiation
in that pain relief is often almost immediate. In some
instances, chemotherapy and radiation are unable to provide
any pain relief whatsoever. The use of vertebroplasty does not
preclude the use of these other therapeutic modalities.
A much smaller group of patients that responds to verte-
broplasty, as alluded to in the introduction, are those patients
with hemangiomas of bone [18], which is much less
frequently encountered, but these lesions are often difficult to
treat via surgical means. At times, patients may undergo
successful embolization, but there is always a risk of
potential cord or nerve damage. In selected cases, direct
puncture of the hemangioma and injection of cement can
effect pain relief, and, even if surgery is elected, it can often
simplify the operative procedure that needs to be undertaken.
It is critical that long-term follow-up of hemangiomas be
performed because, often with aggressive lesions, they will
continue to grow around the cement and patients can present
with cord compression years after treatment.
Patient Workup
Thevastmajority of patients who are eventually referred for
vertebroplasty initially undergo radiography,which is themost
commonway inwhich these destructive lesions or fractures are
detected. More detailed evaluation with either computed
tomography (CT) or magnetic resonance imaging is recom-
mended to fully evaluate the extent of the fracture and anyassociated processes, such as displacement of bone fragments
into the spinal canal or intervertebral foramina or extension of
tumour into surrounding structures. In the case of multiple
compression fractures from osteoporosis, if magnetic reso-
nance imaging is not available, then correlation of the CTwith
a bone scan may be helpful in selecting the vertebral segments
that are more likely to respond to percutaneous vertebroplasty
[19]. A lack of radiopharmaceutical uptake does not preclude
benefit from injection of cement but does reduce the likelihood
of significant pain relief.
Contraindications
Active infection, either locally or systemically, should be
considered a contraindication until infection is brought under
control. A coagulopathy also significantly increases the risk of
bleeding and, if possible, should be corrected. Use of platelet-
inhibiting agents also increases the risk of bleeding but is only
considered a relative contraindication, and, if anticoagulants
or platelet inhibiting agents cannot be discontinued, then we
will still perform vertebroplasty in the face of pressing
Figure 2. (A) Pictorial representation of the vertebral body, demonstrating the site of needle access in transpedicular vertebroplasty. Line diagrams, depicting
needle placement via the upper outer quadrant of the pedicle (B), which is then advanced into the vertebral body (C). Lateral fluoroscopic (D) and
anteroposterior fluoroscopic (E) views, demonstrating optimal placement of a single needle within the vertebral body at the junction of anterior fourth and
posterior three-fourths near the midline (C). This figure is available in colour online at http://carjonline.org/.
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produce symptomatic cord or nerve root compression are best
treated by neurosurgical means, rather than by vertebroplasty.
Patients with encroachment on the spinal canal are at
increased risk of adverse events in the case of significant leak
but can usually still be successfully treated. In the past, severe
vertebral body compression fracture was considered a relative
contraindication. However, results of recent studies have
shown that patients with vertebra plana can also often benefit
from vertebroplasty (Figure 1) [20,21].
Technique
Vertebroplasty is usually performed under fluoroscopic
guidance. High-quality imaging is required that can provide
satisfactory imaging in the lateral projection. Although
biplane fluoroscopy is certainly useful, use of high-quality
C-arm fluoroscopy is satisfactory and more frequently
available [22]. In selected instances, we will perform verte-
broplasty under CT guidance, usually in the case of difficult
to fluoroscopically visualize areas such as the cervical
thoracic junction between C5 and T4. If CT fluoroscopy is
available, then this is advantageous to be able to carefully
monitor injection of cement in real time [23]. One must be
conscious that the CT fluoroscopic image may not cover the
whole vertebral body so an assistant should move the table
back and forth rapidly to scan above and below the needle
while the cement is being injected. Patients must be placed in
the prone position. Whenever possible, having anesthetic
monitoring is advantageous, because many of these patients
are narcotic tolerant. We only rarely perform vertebroplasty
with the patient under general anesthetic; however, aggres-
sive conscious sedation is often required, which can be
difficult in patients who are drug tolerant.Under fluoroscopic guidance, the pedicle is usually visu-
alized in an oblique plane and, before advancement of the
vertebroplasty needle, local anesthetic is placed in the skin
and under the periosteum by using a 22-gauge spinal needle.
The vertebroplasty needle is then introduced down the barrel
of the pedicle and into the vertebral body. Use of this oblique
approach often allows a single needle to be placed within the
vertebral body near the junction of the anterior one-fourth
and the posterior three-fourths near the midline (Figure 2).
Typically, the upper outer quadrant of the pedicle is targeted,
and, by using alternating anteroposterior oblique and lateral
fluoroscopy, the needle is carefully monitored as it is gently
advanced, by using a small orthopaedic hammer, into the
vertebral body. If the needle tip is not placed sufficiently
close to the midline, then a second needle can be placed via
the contralateral pedicle. Typically, 11- or 13-gauge needles
are used for this purpose and are widely available from
a variety of different manufacturers.
Once satisfactory needle placement has been achieved,
the cement can be mixed and injected under continuous
fluoroscopic observation. A large variety of different cements
are on the market with high-viscosity cements now becoming
increasingly widely used because they are less prone to
leakage. Careful attention to make sure that opacification of
paravertebral or epidural veins does not occur is important.
Injection should cease the moment opacification of veins
outside of the vertebral body occurs. The position of the
needle can be altered, either by rotating it or withdrawing it
slightly, and, after a suitable period of anywhere from 15-60
seconds, the injection can be carefully resumed. The cement
within the veins will often have solidified at this point, and
the cement will migrate elsewhere within the vertebral body.
It is important to remember that complete opacification of
the vertebral body is not the goal of the process and
Figure 3. Postvertebroplasty sagittal computed tomographyereformatted
image, demonstrating optimal distribution of cement within the anterior
aspect of the vertebral body, extending from approximately the top to the
bottom of the vertebra.
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tory stability. Ideally, cement should be in the anterior aspect
of the vertebral body, extending from approximately the top
to the bottom of the vertebra (Figure 3). If any doubt about
the position of cement within the vertebral body exists, and
there is fear of a potentially significant leak, it is better to err
on the side of limiting the volume of injection, rather than
promoting nontarget embolization. It is generally now
accepted that intraosseous venography before injection of
cement is unlikely to be helpful in predicting where cement
is likely to migrate or extravasate. We do not perform this in
our own practice.Complications
Most common complications arise from unsatisfactory
needle placement or nontarget extravasation or intravasation
of cement [24e27]. A crucial aspect of needle placement isFigure 4. Lateral fluoroscopic view (A) and sagittal computed tomographyer
(arrowheads) through the superior and inferior endplates of L2, in a 43-year-oldthat the needle must stay within the osseous structures of the
vertebral segment. In particular, this means not entering the
spinal canal where the thecal sac and cord may be damaged.
Likewise, penetration through the anterior aspect of the
vertebral body can also be risky, because important struc-
tures, such as the vena cava or aorta, could be affected. At
times, when the pedicle is quite small, the parapedicular
region is used to navigate the needle into the vertebral body.
This is generally safe, but there is always a small risk of
injury of vessels, such as the lumbar artery, which has very
occasionally been reported [28].
Injection of cement will often lead to extravasation of
small amounts of cement, either through endplate cracks or
into vessels within the vertebral body (Figure 4). This may
result in the opacification of tiny paravertebral veins, which
is usually of no clinical significance, provided that injection
of cement is immediately suspended (Figure 5). Persistent
injection will eventually result in injection of cement into the
inferior vena cava and subsequently into the lungs. Cement
may also migrate posteriorly into the foraminal veins or the
epidural veins. Opacification of very small amounts of these
structures is usually clinically silent, but, again, this is
a signal to suspend injection. Displacement of cement after
injection or superimposed infection have been reported but
are exceptionally rare.
Controversy
Almost from the beginning, the case series evidence in the
literature supported that vertebroplasty has a dramatic effect
in reducing patient pain and improving functional outcomes.
With osteoporotic fractures, approximately 90% of patients
report complete or very significant relief of pain, although
results are more like 70% in patients with a malignant
disease, such as myeloma or metastases [15,29,30,31]. More
recently, randomized trials that used a sham procedure in the
control arm have failed to prove that there is a significant
difference in outcomes between subjects who undergo ver-
tebroplasty and control subjects [32,33]. Recruiting patients
into these trials had proven to be very challenging foreformatted image (B), demonstrating small and asymptomatic disk leaks
patient with breast metastasis treated by vertebroplasty.
Figure 5. Lateral fluoroscopic image (A), demonstrating early paravertebral vein opacification anterior to the vertebral body (arrowheads). Injection was
immediately suspended, which resulted in a clinically insignificant confined leak (arrowhead), as confirmed on posttreatment computed tomography (B).
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randomized. It is likely that patients with the most severe
pain may have refused randomization, although this infor-
mation is not available. Inpatients were also excluded,
a group likely to have had high pretreatment pain scores.
Some researchers have been of the opinion that these 2
widely-quoted, randomized trials are flawed for a variety of
additional reasons, including the use of local anesthetic
injection as the sham procedure in the control population,
which likely acted as therapeutic procedure that resulted in
a facet joint block or median branch block [34,35]. In
addition, a large number of patients entered into theFigure 6. Preoperative sagittal T1-weighted (A) and postcontrast T1-weighted (B)
and L5 vertebral bodies in a 39-year-old patient with breast carcinoma metastases
of the radiofrequency probe (arrow) in the vertebral body. Sagittal computed tomo
vertebral bodies of L4 and L5 immediately after combined radiofrequency ablatio
(F) MR images obtained 4 weeks after treatment, demonstrating low signal chanrandomized trials had chronic fractures and low initial pain
scores unlike the vast majority of the case series previously
published. Acceptance of the results of these trials has
consequently been far less than universal [36,37].
In light of the fact that these controversial, randomized
trials used a sham procedure that may itself have had
therapeutic benefit, a recent study evaluated the role of
preliminary facet joint injection in patients referred for ver-
tebroplasty [38]. Analysis of the results suggests that a
subgroup of patients may indeed have pain attributable to
overload of the facet joints produced by the adjacent wedge
fracture and imply that better patient selection is requiredmagnetic resonance (MR) images, showing bone marrow replacement of L4
. (C) An anteroposterior fluoroscopic view of L5, demonstrating the position
graphyereformatted image (D), exhibiting the cement distribution within the
n and cementoplasty. Sagittal T1-weighted (E) and postcontrast T1-weighted
ges (asterisks) in the radiofrequency and cementoplasty zone in L4 and L5.
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(VERTOS II) was published in 2010, which supports results
published in the earlier literature that affirms the utility
of vertebroplasty [7]. The use of vertebroplasty remains
controversial and a randomized trial with resolution of the
issues in the 2009 trials published in the New England
Journal Medicine [32,33] is required before a clear under-
standing of this treatment’s efficacy emerges.Ongoing Developments
A variety of new cements are currently being developed,
with the widespread introduction of high viscosity cements
now underway. These cements purportedly have decreased
risk of nontarget leak and embolization and, technically,
make preparation of cement for injection easier [39].
Biocompatible cements are also being investigated, which
would allow incorporation of cement into the parent bone.
Many of these biocompatible cements have long setting
times and the patient must stay in bed for several hours after
the procedure. A variety of devices that allow more precise
navigation of the needle tip into targeted areas within the
vertebra have also been devised, some of which have
appeared on the market.
In the treatment of malignant disease, the combination of
vertebroplasty with thermal ablation, be it radiofrequency
ablation or cryoablation, is currently being performed in
many centres [40]. Some authorities believe that a combina-
tion of both cement and thermal ablation may provide more
durable clinical results through wider ablation of underlying
tumour (Figure 6). This hypothesis awaits further evaluation
for confirmation.References
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